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THE GODDARD VERSION OF THE SCHUBART-STUMPFF N-BODY PROGRAM

P. A. Comella

B. E. Lowrey

Abstract

The Schubart-Stumpff N-Body Program computes solar system orbits
of the planets and of bodies of zero mass. It can also be used to
solve more general problems in mechanics. A Fortran IV adaptation of
the Yale version of the program is available to users from the GSFC
documentation center. Primary modifications to the Yale program in-
clude simplification of program input and the addition of an option
to compute the osculating orbital elements. The present document
briefly summarizes the major feabtures of the program and the
development of the Schubart-Stumpff initial values, discusses the
new input requirements and modifications, and presents a sample case

for clarification.
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I. Method of Schubart-Stumpff Program

Schubart and Stumpff (1966) have chosen to regard the orbital
computation problem as one of finding the solution to a system of
simultaneous differential equations. Basic to this approach is the
decision to treat all bodies alike rather than to use the special
perturbation approach which distinguishes perturbed from perturbing
bodies. Hence only initial values and an appropriately chosen step-
size are needed to achieve solution. The method of integration used
is that of Adams-3tormer: a difference method with constant step-size
for the numerical integration.

By avoiding the special perturbation method it is unnecessary to
input coordinates of perturbing bodies at other than the starting
epoch, thus avoilding much of the data manipulation associated with
reading in tables of perturbing bodies, which of itself can be a
formidable problem, both logically and logistically.

The method of numerically integrating the massive bodies rather
than using tabular input is not uncompetitive in machine time, depending
upon the problem. If it is desired to compute the orbits of many
massless bodies for the same period of time, the machine time required
to compube the planetary orbits becomes a small fraction of the total
time. But the NéBod& Program also has the ability to study the orbits
of the planets themselves, as for example, Lieske's (1967) preparation
of JPL's Development Ephemeris Number 28. In another application,

Marsden (1969) used the program (with some modifications for
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differential corrections) to determine the influence of non-gravitational
forces on the orbits of short period comets.

It is important to note that there are no provisions made for the
problems that arise in extremely close passages. The planets are taken
as mass points. Also the experimenter must know at what epoch a close
approach will occur since there is no automatic control of step-length.
Then he may interrupt the computation, input a smaller step-size with
which to compute for the duration of the approach, and then again
interrupt after approach to input a larger step-size. Schubart and
Stumpff chose this seemingly clumsy method of step-length control
because in their own theoretical work they could predict the epoch of
a close approach very easily. The authors of the present note have
retained this method in the GSFC version of the program. They plan,
however, to implement a Nordsieck=-type of predictor-corrector method
in order to permit dynamic internal calculation of optimum interval-
size for each integration step.

II. The Initial Conditions

The Schubart-Stumpff N-Body Program together with the proper
initial conditions for the planets calculates to a high degree of
accuracy orbits of bodies of (essentially) zero mass and simultaneously
the orbits of the planets.

For soiar system orbits Schubart and Stumpff have derived a set
of . starting conditions of the planets for epoch JD = 2430000.5 . These

derivations are discussed in great detail in their paper. The
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following paragraphs summarize their work.

With their initial values and a step-size of 2 days, the program
reproduces to 10 decimal places the ephemerides of tﬁe planets of the
solar system under the following conditions:

(1) Relativistic effects are ignored;

(2) The perturbing effects of Mercury are only approximated:
Mercury's mass is added to that of the sun, thus introducing an error
of 10 7 A.U. in the location of the origin of a heliocentric system;

(3) The mass of the moon is added to that of the earth but the
perturbations in the earth-moon orbit caused by the moon are not con-
sidered.

(4) Perturbations caused by Pluto are ignored, a decision
motivated not only by economics but also by the fact that Pluto's mass
is not known with sufficient accuracy.

The Eckert, Brouwer, Clemence ephemeris (1951) of the five outer
planets (Jupiter to Pluto); Herget's computations from Newcomb's
tables (1953, 1955) of the ephemeris for Venus and the center of mass
of the earth-moon system; and the R. L. Duncombe-G. M. Clemence
ephemeris (1960, 1964) for Mars were the standards used in the de-
velopment of the initial conditions and in the comparison of the final
results.

To facilitate conversions and comparisons 1llth differences of the
acceleration were used which correspond to the value of 5 for M in the

Fortran code. The initial epoch, J.D. = 2430000.5 , was chosen because
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for periods of 400 days on either side of that date, the Eckert,
Brouwer, Clemence observations of the 5 outer planets were especially
good, a factor vital to deriving the starting velocities.

For any solar system problem the Schubart-Stumpff initial values
can always be used. If the epoch for which the experimenter wishes
to enter coordinates of zero mass bodies differs from their epoch,
a negative step-size may be used to integrate back to an earlier epoch,
a positive step-size to integrate forward to a later epoch. The
calculations then proceed with the additional bodies.

ITIT. GSFC Version of the Schubart-Stumpff N-Body Program

A. Modifications

The original Schubart-Stumpff N-Body Program was written in the
mid-1960's in the Fortran II language for use on a smallish computer
at the University of Heidelberg. Subsequently, Schubart and M. Cooke
(1965) rewrote the program in the Fortran IV language for use on an
IBM 7094 at Yale. It is the Yale version that the authors have modified
for use on Goddard Space Flight Center's IBM S/36O computers.

These modifications'afe simplifications in the authors' opinion:
the Yale version still reflected the ididcyncrasies of the Fortran II
language in coping with double word computations and complicated data
input. These peculiarities made it clumsy to input data to the
program. The authors adopted the NAMELIST convention of the Fortran IV
language to input all data, except for one initialization card.

The NAMELIST option, by allowing selective initialization of data
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without destruction of data in locations not specifically named on a
given READ, enables the programmer to eliminate much coding of trigger
recognition parameters and statements. Thus although the input is
st111 flexible, only one read statement is required for the entire
program to initialize all (but two) of the input parameters.

A second modification was the addition of an option to print the
osculating elements. A parameter triggers a call to a subroutine
written by Blanchard and Wolf (1967) which converts the position and
velocity vectors at a given time into the orbital elements by means
of the two-body formulas.

Finally, the addition of 3 parameters permits the positional co-
ordinates, the velocity coordinates and the mass parameters to be input
with incompatible dimensional systems, by converting all to a compatible
system following input. Hopefully this will eliminate the tedious
hand computations which might be required for some problems.

B. Subprograms of the Program
1. MAIN - determines size of the A, B, and D [large] arrays,
which initial conditions are to be used, and calls CONIRL.

2. SUBROUTINE CONTRL ~ drives the program by processing in-

put, calling integration routines and requesting output.

3. SUBROUTINE KOEFFZ - calculates the K-coefficients, (CAI),

used in the starting iteration.

4., SUBROUTINE ANFITN - performs the starting iteration and

converts, if necessary, positional and velocity beginning co-ordinates

_5_



from a system originating in body #1, to a barycentric system, used
in the integration.

5. SUBROUTINE WW - computes the backward differences of the

accelerations, (BESCHL).

6. SUBROUTINE SCHRTT - calculates from BESCHL, the backward
differences of the co-ordinates (XNABLA) and the co-ordinates (X),
thus integrating from time T to time T + DELTAT.

7. SUBROUTINE DRUCKE -~ controls output at constant time

intervals.

8. SUBROUTINE ELEMNT - controls output at arbitrary time

intervals.

9. SUBROUTINE ORBIT - converts position and velocity co-

ordinates (for output purposes only) into osculating elements at time
intervals specified by DRUCKE or ELEMNT.
C. Input Parameters

Immediately following the IBM S/360 JCL card, //G@.DATAS DD*
there is one card required. Then the NAMELIST data set(s) with para-
meters initialized (in arbitrary order) follows.

1. Card No. 1l: This first card sets values of 2 parameters:

NSIZE, occupying columns 1-5 of the card, right-adjusted, and INIT,
occupying colums 6-10, right-adjusted.

NSIZE determines the sizes of 3 large arrays--A,B,D-- these sizes
being dependent upon the number of bodies in a run of the program:
50 = NSIZE =2 N. By setting this parameter himself, the programmer is

gble to reduce the memory requirements of the program, which may mean
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a higher priority in an MVT environment, hence a faster turn-around
time.

INIT. The program initializes the coordinates and mass parameters
for the Sun-Mercury system and the planets Venus to Pluto to those
values that Schubart and Stumpff derived for J.D. = 2430000.5 . It
also sets the integration parameters to the values that Schubart and
Stumpff considered optimum.

By setting INIT = O, the programmer can use these initials con-
ditions. The NAMELIST data set is then used to initialize print-punch
parameters, enter coordinates of massless bodies and alter any pre-
initialized parameters (if he wishes).

By setting INIT = 1, the Schubart-Stumpff conditions are over-
ridden. Hence all pertinent initializations must be made in the
NAMELIST data set.

2., NAMBLIST parameters: The first card of the NAMELIST

DATA SET must contain & INPUT, with the & in column 2. Subsequent
cards start in column 2; & END terminates the data set. Those users
unfamiliar with the NAMELIST convention of the FORTRAN IV language

are referred to the IBM manual on the FORTRAN IV language.



N nunber of bodies being integrated. As new bodies are added
during a computation at an epoch different from the starting

epoch, N must be increased accordingly.

1 s N NSIZE

EM(T) mass of the ith body in units of m. If a relative system is
used, the origin must be EM(1):

KQ = k® = g*EM(1) where G is the universal gravitational constant
in units of L'3/S'®m, where L' is the unit of length, S' is the
unit of time, EM(1) is the mass of body #1 in units of m.

W is the conversion factor such that W¥W expresses KQ in units of
12/s®m, where L & S are the units of integrationm.

xP(1,I) The x,y,z components of the position of ith body in units of, L'',

%ﬁ%g:%g in the appropriate coordinate system (barycentric or relative to
body #1) .

DIST is the conversion factor necessary to express XP in units of
L. DIST. = L/L"'

XDOT(1,I) the u,v,w components of the velocity of the ith body in units of

XDOT(2,I)

xpom(3,I) L'''/S''', in the appropriate coordinate system.

VEL is the conversion factor necessary to express XDOT in units of
L/S. VEL = L/S/L'''/s'''.

H is the integration step length in units of time S.

T is the starting epoch for the problem in arbitrary time units.

This is the time that appears in the output.
-8 =



DELTAT 1s the integration step-length in the same units as T. If con-
verted to units of S, DELTAT is equal to H. At the start of each
integration step T is incremented by DELTAT.

M order of the integration (M€5) in the initial iteration. This
corresponds to 2¥M differences; in the extrapolation components

to 2¥M+1l. M=5 is the value used by Schubart and Stumpff in their-

calculations.
IEG=1 Input coordinate system has its origin in body # 1.
IEG=0 Input coordinate system is barycentric, the coordinate system

used in the integration. Whenever IEG = 1, the position and
velocity components are converted from a relative to a barycentric
system.
IEXP 10%%(~-IEXP) is the limit of accuracy for the initial iteration.
Note: The Schubart-Stumpff initial conditions for solar system orbital
computations are coded into the program. These involve the initialization
of the following parameters:
EM(1), EM(2), ..., EM(9),
XP(K,1) )y evecenns , XP(K,9), K=1,2,3
XDOT(K,1) 5 eeennns , ¥XDOT(K,9) K=1,2,3,
the parameters for the Sun-Mercury Systém, Venus, Earth-Moon System, Mars,
Jupiter, Saturn, Uranus, Neptune and Pluto, respectively; as well‘as the
parameters
N,W,KQ,DIST,VEL,H,M, IEG, IEXP, T, DELTAT
IORB activates calls to SUBROUTINE ORBIT, which computes osculating
orbital elements, from subroutines CONTRL,ELEMNT,DRUCKE and

prints them as specified by values of IORBIT.
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IORB=0 do not compute any orbital elementé, i.e. do not call Orbit.

JORB=1 compute orbital elementsfar selected bodies. If IORB=1l, then
it is necessary to specify IORBIT(J), J=1,...,N.

TORBIT(J)=0 Do not compute or print osculating orbital elements for

body #J. |

IORBIT(J)=1 Compute for body #J, and print the values.

N7 determines whether or not SUBROUTINE CONTROL initiates calls to
SUBROUTINE ELEMNT, a print-punch control routine. SUBROUTINE

ELEMNT is used when output at arbitrary integration intervals
is desired.

NT7=0 No calls to SUBROUTINE ELEMNT

N7=k k calls to SUBROUTINE ELEMNT

ILEM(I),I=1,...,N7 Associated with each integration step is a step number.

the ILEM array specifies in increasing order at which step
numbers calls to SUBROUTINE ELEMNT are to be made.

Note: ILEM(1)=M, else SUBROUTINE ELEMNT is never called even
though NT~0.

KD is a parameter which is utilized in SUBROUTINE ELEMNT to determine
which coordinate system to use in the outputand the number of sig-
nificant figures to print. For each body in the problem the co-
ordinates are printed. Error bound information is also supplied

as well as time, T .

KD=1 Coordinate system relative to body #1.
Single precision.

KD=2 Coordinate system: barycentric.
Single precision.

KD= Coordinate system relative to body #1.
Double precision.
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KD=4 Barycentric system
Double precision.

IED A control parameter used in SUBROUTINE ELEMNT to specify type
of output.

IED=KD Print output form using EILEMNT in form determined by value of KD.

IED=KD+4 Punch or write-on tape, as well as print. The Job Control Iangu;ge
(JCL) Statements will direct whether to use the punch or tape.

IZA,IDELTZ,IZN initiate calls from SUBROUTINE CONTRL to SUBROUTINE DRUCKE.

IZA first step number at which DRUCKE called.

IDELTZ Every IDELTZ step after IZA SUBROUTINE DRUCKE is called until
step IZN reached.

IZN SUBROUTINE DRUCKE called. This is the last iteration step as
well: +the program, depending upon the value of IG¢, does one
of the following: terminates the run, begins a new case, or
continues the case by adding bodies of zero mass or changing the
integration step-size.

IPUNCH(J) controls information written concerning jth body in SUBROUTINE
DRUCKE. This information is as follows: step number, time, co-
ordinatesas well as error growth information. DRUCKE allows
selection of bodies for which to print/punch whereas ELEMNT
prints/punch for all bodies.

IPUNCH(J)= 1 Barycentric system, Double Precision Print.

[

2 Barycentric system, D.P., Punch

1]

3 Barycentriec system, D.P., Print and Punch
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=4 Barycentric System, T .P., Print
=5 Barycentric, S.P., Punch
=6 Barycentr:z, S.P., Print and Punch
=7 Relative, D.P., Print
=8 Relative D.P., Punch
=Q Relative D.P. Print and Punch
=10 Relative S.P., Print
=11 Relative S.P., Punch
=12 Relative S.P., Print and Punch
=13 No output for Body #J.
When IPUNCH(J)=14 it signals to the CONTRL Program that Body #J is of zero
mass and has been added to the program at an epoch different from the
starting epoch.
The output options for Body #J then are such that 14 = IPUNCH(J) < 26 and
such that IPUNCH(J)-13 gives the correct option.
IGO is a SUBROUTINE CONTROL parameter which tells the program what
to do when Step IZN is reached (IGO=1 or IGO=2) or what tests to
make for incorrect data on a continuation case (IGO=3).

IGO

1t

1 when IZ=IZN go to 2 and continue case by
(1) adding new bodies of zero mass and incrementing N accordingly
and/or
(2) decreasing H and DELTAT for a close approach and modifying
IZA,IZN and IDELTZ if necessary or
(3) dincreasing H and DELTAT when close approach calculations

completed and modifying IZA,TIZN and IDELTZ if necessary.
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IGO=2 when IZ=IZN, go to 100: 1Initialize the NAMELIST DATA SET and
begin new case.

IGO=3 is used in a continuation case, where if new bodies are added,
they are checked to see that they are of zeroc mass with proper
coordinates, relative to body #1.

D. Internal Conversion of Input

1. Units

The position and/or velocity components may be converted internally
to the units required for computation using the DIST and/or VEL parameters,
respectively. W may be used to convert the force, KQ.

If KQ=k®, where k is the Gaussian constant for solar system bodies,
k=,017202 098 950, then the units are distance in a.u., time in years,
mass of sun = 1. BSchubart and Stumpff have used a unit system where
velocities are in a.u./40 ephemeris days; hence they set KQ=k0PkZ =
J7h 345 961 216 687, EM(1) = 1. (The starting values for INIT=0 reflect
this). If dimensionless mass units are not desired, the force unit, KQ,
may be adjusted instead. Whenever it is not necessary to convert distance
units, set DIST=1; velocity units, set VEL=1; mass units, set W=l.

2. Coordinate System

If TEG=1, the program assumes that the origin of the relative
coordinate system used to input the positional and velocity components
is body #1. It then converts to a barycentric system which is used for
computation. The position and velocity coordinates of body #1 must be

set equal to zero if the relative system is used.
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E. Program Notes

1. Output Parameters

Associated with each integration step, which is of length, H, are
two parameters, T and IZ. T is the time in arbitrary units and is
initialized in the NAMELIST DATA SET to the starting epoch. It is in-
cremented by DELTAT, also initialized in the NAMELIST set. DELTAT, if
converted to units of time, S, used in the integration, is egual to H.
T;is the parameter which is printed/punched in the output whenever time
is specified.IZ is the step-number. It is initialized internally and is
incremented by 1 at the start of each integration step. The ILEM array
1s compared to IZ and whenever an element of ILEM eguals IZ, a call to
SUBROUTINE ELEMNT is made for printed or punched output according to the
values of KD and IED for all N bodies. This comparison enables output
at arbitrary step numbers. The IZA,IDELTZ, and IZN parameters are used
to get output at regular step intervals using SUBROUTINE DRUCKE. 1In
this subroutine the IPUNCH array specifies the type of output desired for
each iIndividual body.

Whenever IORB=1, SUBROUTINE ELEMNT and SUBROUTINE DRUCKE call
SUBROUTINE ORBIT to compute and print the osculating elements for bodies
as specified in the IORBIT array.

2. Machine Time: The running time is proportional to the nunber
of distances which must computed at every integration step. There are
nl(nl - 1)/2 + nj;*Nno such distances where n; is the number of bodies
with mass and no is the number of bodies of zero mass. Thus, when one
computation has been obtained for a particular computer, the machine time

can be predicted for other computations on that computer.
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IV. Sample Case = Orbit of Lost City Meteorite

The Lost City Meteorite struck the earth on January 3, 1970. The
Prairie Network observed its entry into the earth's atmosphere and
provided the data which were used in the N-Body program to compute its
(probable) heliocentric orbits.

The computations were done in two parts. Using the Schubart-Stumpff
initial conditions for Julian Day 2430000.5, the integration was first
carried forward (H > O and DELTAT > O) to Julian Day 2440590,

(January 3, 1970), in order to provide the planetary coordinates at
the time the meteor was observed. These coordinates plus the observed
coordinates of the meteor then provided the initial conditions for an
integration backward (H < O and DELTAT < 0) through time for 300 years.

The input data for the first part are shown in Figure 1. The
first line sets the dimensions (20) of the A, B, and D matrices to
A(20,3,12), B(20,3,12), D(20,20), respectively, in the subroutines in
which they appear corresponding to theilr initializations to the same
sizes in the REAIX*8 statement of the MAIN program.

The second number (1) instructs CONTRL to override the programmed
initializations.

The following discussion will use the left most numbers (line
numbers) in referencing parameters.

A. ILine 100:
l. IEG = 1: The Schubart-Stumpff planetary coordinates are

relative to Body T1, (Sun-Mercury system).
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B. Line 200:
l. KD = 3: when in SUBROUTINE ELEMNT print coordinates
in relative system in double precision.
2. TIED = 3=KD: suppresses punching of the coordinates when
they are printed.
C. Lines 3500~2000:
These lines contain the Schubart-Stumpff planetary coordinates for
J.D. 2430000.5 with XP(1,K), XP(2,K), XP(3,K), K = 1,2,c0c0uees.9,
the positional coordinates relative to body ¥ of the K'* body in
a.u. and XDOT(1,K), XDOT(2,K), XDOT(3,K), K = 1,2,4e0e0e...9, the

velocity coordinates relative to body *L of the KB body in a.u./4O

ephemeris days.

K =1 Sun-Mercury system
K = 2 Venus

K = 3 Earth-Moon system
K =4 Mars

K =5 Jdupiter

K = 6 Saturn

K = 7 TUranus

K = 8 Neptune

K =9 Pluto

D. Lines 2100-2200:

Mass parameters, normalized to the sun of bodies, K = 1,2¢00000..9.
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E. Lines 2300-2800:

l. N =9 the nunber of bodies integrated in this first part.

2. KQ = .47345961216687, reflecting the fact that the
velocity units are a.u./LO days.

5. W =1 Dbecause the computation of KQ was done externally;
had it been done internally, one could have used KQ =,017202098950
and W = 40 to the same end.

k. Because the input units for the coordinates and the
integration units were compatible, the program initialized values of
DIST and VEL did not have to be changed.

5. T is set arbitrarily to zero although is could have been
initialized to a (more) meaningful value, e.g., T = 2430000.5 .

6. Since the unit of time is 4O ephemeris days, the integration
step-size, H, of 2 days is set to .05 (of 40 days) while the printing
parameter, DELTAT, is correspondingly set to 2 days.

7. M =5 determines the orders of the predictor-corrector
method.

8. N7 =5 determines that CONTRL will CALL ELEMNT for out-
put five times during the run at steps numbers given by the ILEM array:

&
the 102, 302, 500", 1000™"

, and 1059th steps. ILEM(1) must always
by greater than or equal to M .

9. IZA, IDEITZ, IZN signal CONTRL to call the output sub-
routine, DRUCKE, starting at step number 1059, every 10591;h step

thereafter, ending at step number 5295, which is also the last
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integration step. At this time IGO0 = 1 +tells CONTRL to return to
statement number 2 for additional information to continue the case.
10. IORB = 1 instructs ELEMNT and DRUCKE to CALL ORBIT at
each output step with orbital elements being printed for bodies 2
through 9, IORBIT(K) = 1, K = 2,3,4,4000004..,9 but not for body #1,
IORBIT (1) = 0 .
11. IPUNCH = 9%7, 41%*13 instructs DRUCKE to print in double

precision the planetary coordinates relative to body #1 of bodies 1
through 9.

F. Note that the namelist begins at line 100 with &INPUT,
starting in colum 2 or greater and concludes at line 2800 with &END.

G. The second part (Figure 2) of the run begins with the input
of the position and velocity coordinates of the Lost City Meteorite
[xp(5,10),3 = 1,3 and XDOT(3,10),j = 1,3, respectively), and the cor-
responding change of N to 10. To integrate backward, H becomes -0.5
and DELTAT,-2 . For printing T is re-initialized to 2440590. In
order to be consistent with the astronomical convention of standard
days, IZA, IDELTZ, and IZN are re-set so that printing (in DRUCKE)
occurs in multiples of LOO days, starting at T = 2430000.5 , with IZN
such that the computations continue back through 300 years. IORBIT(1) = 1
and IPUNCH(10) = 7, enable output of the coordinates (DRUCKE) and
orbital elements (ORBIT) of the Lost City Meteorite. IGO = 3
indicates that the ensuing computations are a continuation of the run

and not the start of a new case.
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aXekeskekeizisiakeinkainiasinksisEsisiasEsielaNafoXeieka SaNoNelcNaleRaRcshaNe e N Nel

MAIN PROGRAM SETS DNDIMENSINN SIZES NN A, B, AND D MATRICES.

NSTZFeeweea SFTS MAXIMUM NUMRFER NF RNDIFS FNR A RUMN,

INI Teowenoe INDICATES WHETHFER USER WILL INPUT HIS OWN INITIAL
CONDITINNS FOR THE MAJNAR PLANETS NR USF THE SCHU-
BART~STUMPFF CONDITONS FNR THF SOALAR SYSTEM AT
FPACH J.De=24320000,.5,

INIT=040eeolISF STUMPFF~SCHIJRART INITIAL CONNITINNS,

INTT=leeess!ISFR SURMITS NWN IMITIAL CONDITINNS

IMPLICIT REAL#8 (A-H,N-7)

REAL*8 A(20,3512)15R(20,3,12),N(20,20)

COMMDON /ZINOUT/ ING,IDUT

IN=5

INUT=6

READ(IN,G1) NSIZE,INIT

FORMAT(215)

CALL CONTRL(AZR,N,NSIZEL,INIT)

RE TURN

END

SUBRNUTINE CONTRL(ALR4NGNSIZE,INIT)
IMPLICIT RFAL*R (A-H,0-7)
*%k%  HEIDFLRFRG N—-RODY PROGRAM sk
RY J.SCHURART AND P, STHMPFF

xxx  IRM $/360 FNRTRAN & VERSINN st
BY P, COMFLLA & B. LNWREY
GNNDARN SPACE FLIGHT CEMTER
GREENBELT,MARYLAND 20771
ADAPTED FRNM
%%  YALE FNRTRAN & VERSIMN  soks
BY M. CNOKE AND J. SGCHURART

EXPLANATION OF INPUT

M NRNER NF THE INTEGRATION (M, LF.5).IN THF INITIAL
ITERATION THIS CORRESPONNS TN 2%M NIFFFRENCES, IN
THE FXTRAPOLATION COMPONENTS TN 2#%M+]1 DIFFFRENCFS.

IEXP 10%%(=IFEXP) LIMIT OF ACCURACY FNR THE INITIAL ITERATINN
N NUMBER NF RODIES N.LE.50 ’
KQ =G*EM{1),WHERF G IS THF UNIVERSAL GRAVITATIOMAL CNNSTANT
IN UNITS 0OF L9%%3/((SV*xk)%M)
EM(T) =MASS NF THE ITH BODY IN UNITS NF M,

NOTE: TIF A BARYCENTRIC SYSTEM IS NNT USED FOR TINPUT,
THF RELATIVE SYSTEM MUST ORIGIMATE IN RONY #],
XP(KeI) =SPATIAL COMPNONENTS NF THE ITH RONY IN UNMITS OF LENGTH,L%?*,
(IN THF APPRNPRIATE CN-NRDINATE SYSTEM).
XDOT(K,I)
=VELACITY CNAMPOMENTS OF THE ITH BADY IN UNITS NF L1re/Se,
WHERFE S IS THF UNIT NF TIMF,

] =THF COANVFRSTON FACT AR NECFSSARY TN EXPRESS KO IN UNITS
OF (L3 /S%k2)%%,5

NIST =THE CONVERSINN FACTNR MECFSSARY T0 FXPRFSS XP IN
HNTITS NF L

VFL =THFE CNONVERSION FACTNR NFECESSARY TN EXPRESS XDhNT IN
UNITS AF L/Se.

H =THF IMTFGRATINN STEP-~LENGTH IN HNITS NF S

T =THF STARTING FPNCH IM ARRITRARY TIMF IINTITS,

DELTAT =THF IMTFGRATINN STEP-LENGTH IN THE SAMF TIMF UNITS AS T.
19



C (IPIINCH(T),
c I=1,4N)
" IPUNCH(J) =1 RARY NP ., PRINT
C =2 RARY4N.P. PHNCH
G =3 RARY,N,P,,PRINT AND PUNCH
C =4 BRARYsS.P.sPRINT
C =5 RARY ,S.P .y PHMNCH
c =6 BARY¢SePay PRINT 4ND PUNCH
C =7 RELAsN.P .y PRINT
C =8 RELA, D.P.QPUNCH
C =9 RELA,N.P.,PRINT AND PUNCH
C =10 RFLAyS.P.sPRINT
G =11 RELA,ySeP . PUNCH
C =12 RELAySePaeg PRINT AND PUNCH
c =13 NAPRINT DUT
c +GE. 14 NEW RODY RFING ADDED
C TFG=0 INPIT IN RARYCENTRIC SYSTFM,. THIS SYSTFM 1ISFN FNR INTEGRATINN
¢ IFG.NF. O INPI}T RFLATIVE TN SYSTEM NRIGINATING IM AANY{ 1)
C KN=0 NR KN=2 MUTPHT IN RARYCENTRIC SYSTEM,S.P. NR D,P. RESPFCTIVELY
C KN=1 NR KN=3 NUTPHT IN RELATIVF SYSTFM, S.P. NR. N.P. RFESPRCTIVFLY
C 1FD=KN PRINT CO-NRNDINATES AND VELNCITIES FAR STFP NIMRER
C AS GIVEN RY ILEM(I),I=N7,N7—1,....,]
C IFND=KN+4 PUNCH THIS NUTPHT AS WELL.
C JLEM{T)4I=1,N7 STEP NO. AT WHICH T0 PRIMT/PUNCH USING FLEMNT,
C NT MO, OF TIMES TN PRINT OUT CA-ARN, AND VEL. DIRING
C INTFGRATION
C 1ZA FIRST STEP AT WHICH TN PRINT NHT STFP NUMRFR,T,
o 1HEHEMAX(LAST USFD NIFF)
IDFLTZ EVERY IDEL17Z-TH STFP CALL NRICKE TH PRINT/PUNCH
CONRNINATES NF BANIES ACCARNING TN VALUFS NF IPUNCH
17N LAST STEP AT WHICH TN PRIMT THIS.

WHEN STFP IZM IS CNMPLFTED,
NFW DATA ARE READ IN,FITHER NEW RANTFES NF MASS ZFRN NR
MONDTFYING CONDITINNS, THF PRESENMT CALGILATINNS BEING
CONTINUED, OR FNTIRFLY NEW CALCULATIONS ARF REGUN,
IF PRESENT CALCULATINNS ARE TN RF CANTINUFD AFTFR MEW RMANY IS ANDFD
THE FOLLOWING MUST RE NONE (AT THE MINIMUM).ese
A, SFT MASS, FM(J)=0, FOR EACH NFW RANY
Be 1F INPUT CNORNINATES AND VELNCTITIES RFLATIVE,
FOR FACH NFW RNDY
SET IPUNCH{J}=X+13, WHFRE 1. LE. Xo LFe 13,
ACCNRNDING 10O DFSCRIPTION ARNVE,

Ce INPIIT VFLACITIES AND CONRDINATES,

1G0=1 WHMEN IZ=1ZN G0 TN 2:ADN NEW RANIFS NF ZERD MASS
AND CONTINHE CASF.

16N=2 WHEN IZ=IZN GD 10 1002 INITIALIZF MASS PARAMETFRS
AND CO-NRNINATES FOR START NF NFW CASF.

16N=3 CONTIMUATION CASF. CHFCK THAT ALL NFW RNDIFS NF

7ERO MASS AND INPUT THEIR CN-NRNINATES.
INRR=0N NN NAT COMPUTE ORRTTAL FLEMENTS
=1 COMPUTF ORRITAL FLEMFNTS
INRRIT(J) s J=1oN )
=0 NN NAT COMPHTE FLEMFNTS FOR RODY J
=1 COMPIITF THEM

ﬁﬁﬁf"lﬁﬁﬁﬁﬁﬁnﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ(‘)ﬁﬁﬁﬁﬁﬁ

1011 FORMAT{34H0 CNANRNIMATES NR MASSFS INCAMPLETF)
1017 FARMAT(Y ILFM:CALL FLEMNT AT FOLLNAWTING STEPST/{RILIN))
1020 FHRMAT('1',5X,'M='«I2/3X.'IFXP='.IZ/RXy'IﬁRR='vI?9

20



1021

1022

1023

1024

OO0

1 ' CALL DRRIT PARAMFTERY/TX, ¢ JY 5X, VINRRIT(J) 2!

2 TNRBIT I/0 CONTRNL PARAMFETFERSY/(TIR,RX,12))
FORMAT(Y CALL PRUCKE PARAMETERS:V/4X,V]ZA=1,T1A/

1 VUINDFLTZ= 3 16/4X, VIZN= , TA/TX eV 3V 35X, VIPIINCHL ) !

2 VIDRUCKE I/N COMTROL PARAMETER'/(IR,A¥,12)) ’
FNRMAT('OFLFEMNT 1/0 PARAMETERSIV/4X,VIEN=1,12/5X,

1 1KD=Y,12/* CALL ELFMNT PARAMETFRS:V/5X, ' MT7=1,14)

FARMAT( Y01 45Xy "H=1,N1A,8/6Xs ' T=1,NLA B/ DELTAT=",

1 N16B/BXy 'KO=1,N20,12/AXy =1 ,N]1AH,R/3X,

2 YDIST=tyN16.R/4XG'WEL=V3N16R/E6EX, Nz, T3/

3 4XGVIEG=T,T345X 42004/ 00V ,2X VUV, T29,VEM(I) T,

4 TE534tX(I) e TTT7IXDOTIUI I/ {T4435XeN24,1A45XsN24,164,5X,

5 N24.,16/38X4N24.164,5X4N24,16/38X4DN24.16,5X,N24,1A))
FORMAT( 101 42X VUV T29, VFM{ )V 3 TE34 ' X(J) 1, TTT7, P XPUNKT(D) Y/
1 (1445X3N26.1645XeD24,1645X4D24,16/38X,N24,1645%,

2 N24,16/38XeN24,1645X4N24,1A))

DIMENSION TPUNCH{50),ILEM{100) NIFMAX(50),NIFJHL{50),KNNNIZ(50),0]

#SMIN(S0),NISJUL(50),KPDIS(50)
DOURLE PRECISINNM A(NSIZE,3,12)4R{(NSIZF,3,12),N{NSTZF,NSTZF)
SCHUBART=STUMPFF INITIAL VALUES FOR FPACH,J.N.=2430000.5, NRNER
OF INITIALIZATINN AS FOLLOWS: SUN~MFRCURY SYSTEM, VENHS,
EARTH-MONON SYSTFMyMARS, JUPTTFR,SATHRN, URAMUS,NEPTIINE 4 PLIITH,
PASITINNAL C-NRNODINATES RELATIVE TN CENTER NF SUN-MERCURY SYSTEM,
IN AU 1S,
REAL*R XP(3,50) /3%N.N0,
~e5113942959,~,4780976854,—, 18030874810,
—o261498G917,+,8A9623T7T687F,+,3771652157,
—1.2954775R9,-,8414136141,4-43513513446,
+3,429472643,+3,353R69719,+1,35494R917,
+6eH41453441N04+5,971569844N0,+2,182315015ND0,
+11.26304125D0,+14,.695258R88D0,+6.279605833N0,
=30.15522934N0,+1,65700086A0N04+1,437R58110N0,
-21.12383780N0D,+28,44651101N0,+15,.38826655N0,
123%=~1,2345678910111213Nn-2/
VELOCITY COMPNNENTS IN A U./40 EPHEMERIS DAYS,
REAL*8 XDOT(3,50)/3%0.D0,
+,5663768182N0,~,5120871589D0,—,266497RT74L5D0,
e 6T46573183N0, =, 170N94R008N0,~.NT737743192000,
+o3440042605N0, ~,36966T4843N0,-,17R9373952D0,
— e 222864T739NN4+,2022T76RR26NDN4+,09223051T780N0,
—e1662788590N0,+,1462712350N0,+.0676563A4T70NN,
~«130130R165NN,+,0758R051779N0,+.,035089A7792N0,
- e00961959RGRLNN 4 ~,1150657040N0,~.04ARRB8T7522AND0,
-« 0T707448500TNN, =, 0R655927220N0,—-,N05946R850713N0,
123%-1,2345678910111213Nh=-2/
COMMNN /TIME/TyH,HO,HN,HI0,H100N,HO]

IT=OTMmIO I >

DNOVDZM X

COMMON /BLNCK1/ CAI(5,11)sEM(50),X(50,3),XPUNKT(50,32),RFSCHL{50,3)

1 S XNABLA(S5D,3)

COMMNON /INDEX/NMeM] M2 MPM MP1,1Z,IEG,TEN, IEXP, IPUNCH

REAL*4 ITEGMSG(2Nn,2)

NDATA TEGMSG/?' INPVL,IUT CHV, ' N-NRILININAILVTFE SY,1YSTFt,'M: RS,
1 YARYC*'y VENTR'G'IC *, 101 Yot INPILIUT CH1ytN-NRI,IDINAL,
2 VTE SV,'YSTRY,'M: OV ,'RIGIS,YNMATFI, 1S TNV, ROADY, Y #1707,

3 8! v/

COMMON /CONRLN/ GG{11),DN{11)

COMMON /INDIT/ IN, INUT

COMMAN /NRR/ Pl WK,DFG,INRR,INRRIT{50)

NDATA SEVENS /-=1.2345678910111213Dn-2/

NAMELIST /INPUT/ NoEMGKO W XP o DISTXPNT,VEL, ToNDELTAT,H,M,

1 IFGy IEXP, INRR, INRRI T, N7, TLFM,KN,IFN,IZA,INFLTZ, 17N,

21

VENUS
=M
MARS
JUPITER
SATURN
IR ANUS
NEPTIUNE
PLUTD

VENUS
F=-M
MARS
JUPITER
SATURN
HRANMLUS
NEPTUNE
PLUTN



2 IPUNCH, IGD
REAL#%8 KO

InRe]

PI=DATANZ2(0.N0,~1.N0)
M=5
IEG=1
IEXP=14
T=2430000,5
NELTAT=2,D0

c UNIT NF INTEGRATIONN STEP.cesse&0) FPHEMFRIS DAYS
H=.02500
W=1,Nn0
VFL=1.D0
DIST=1.D0
KQ=,47345961216687N0
PEG=1R0,N0O/PI

CNEFFICIENTS

QOO

nn{1y=0.,000
MN(2)=0,833233333323333332N-1]
DP(3)=0,83333333333333332N~1
DN{4)=0.791AARBARAARAGALEH6TN-1
nnN({5)=0,75N~-1
NN{6)=0,T7T1345R9947N0899471N-1
MN{7)=0.682043A5079365079D~1
DN{R)=N.65495T756172829506N-1
NN{9)=0,63140432098765432N~1
NN{1N)=.61072649861712362N~1
DN({11)=.59240564123376623D-1
GG(1)=0.166KACEAGHLEAL66T
GG (2)=0.,416A06H666666A6TN=-]
GG(3)=0.222222222272222222n-1
G6G(4)=0,14583333333333333N~1
GG(5)=0,106150793A5079365N~1
GG(6)=0,8225R8597B83597884N~2
GG(T7)=0.,664T92T76R959435623N=2
GG(R)=0.,55372299382716049D~2
GG(9)=N,4T71806T774758)6365D~2
GG(10)=,409197Nn6740019240N=2
GG(11)=.35997549720267974N-2
IF{INIT.EQ.0)Y GO TN 2

100 NN 1 I=1,NSIZF

EM(T)=SEVFNS

nol J=1,3

XP(J,1)=SFVENS

XDOT(J, I)=SEVENS

2 RFAN(5, INPUT,FND=1000)
WRITE(IOUTL1020) M, IEXP,IORRS (JHyIORRIT(S) s d=1yN)
WRITE(IOUTS1021) TZAZIDFLTZLIZN (J,IPUNCH(J),J=14N)
WRITE(INUTS1022) TENGKNDGNT
IF(NT7,LE.O) GN TN 439
WRITRE(INUTL1017) (ILFM{J)yaJd=14N7)
NT71=1

439 WRITE(IOUT.1023) He ToDELTAT,KO W NIST,VFLWN,IFG,
1 ({IEGMSGIA s IFG+1) 3 J=1420) o (JoFM{ ) (XP(T,4J)}XDNT(T,4)
2 I=143),J=1,N)
MPM=M+M
Ml=MPM+1]

o}



M2=MPM+2
MPl=M+1
HO=H*H
HO1=.1D0%HO
HD=1,D0/H
H10=.1D0%*H
H100=,01D0%H
DO 4 I=1,N .
IF(EM(I).EQ.SEVENS) GO TO 39
TF(IPUNCH(I) oL Te14.ANDLIGOLGTL2) GO TN 4
Do 3 J=1,3

TFIXP{Is I )aFQeSEVENS.ORXDNT(J,1).FQLSEVENS) GO TN 39
X(I4d)=XP(Js1) *DIST

3 XPUNKT(I,J)=XPOT(Js 1) *VEL
4 CONTINUE -
IF(I6N.GT.2) 160=1G60-2
WK =K Q%*uW*%W
33 IF(1ZALLT M) TZA=M
35 ICHECK=0

DD 405 I=24N
IF(EM{1) NELWK) EM(T)=WKXFEM(T)/EM(]1)
400 IF{IPUNCH(I).LT.14) GO TO 405
401 IF(EM(T).NE,0.) GN TN 406
IPUNCH(I)=TPUNCH(I)-13
ICHECK=1
403 DO 404 K=1,3
X{THKI=X{14KI+X(T,4K)
404 XPUNKT(I4K)=XPUNKT(14,K}+XPUNKT(I,K)
405 CONTINUE
IF(ICHECK.EQ,1) IFG=0
EM(1)=WwK i
GNn TN 40
406 WRITE(6,41407)
1407 FORMAT(44H ADDITION OF NEW RANY FORRINNDEN IN THIS CASE/

1 20HO RFADY END
RETURN
39 WRITE(6,1011)
GO TN 100
40 WRITE(IOUT,1024) (T,EMII)o(X(TsJ) s XPUNKT(TsJ)sJ=1,3)sI=1,N)

IF(INRR.ED.1) CALL ORRIT
DD 440 J=2,N
DIFMAX{J)=0,0N0
DIFJUL (J)=0.0D0
KODDIZ(J)=0
DISMIN(J)=1.,0N+35
DISJUL(J)=0,0 DO

440 KPNIS(J)=0
DO 441 J=1,N
DD 441 L=1.N

441 N(J,L)=1.0N35
CALL KNEFFZ
1Z=M

CALL ANFITN({A,R,D,NSIZF)

DO 45 T=1,M

45 T=T+NELTAT
GN TN 47

46 CALL SCHRTT(A,R,N,NSIZF)
T=T+DELTAT
12=172+1
. DN 466 J=2,N 23



460

4Rl

4h?

463

Lbb

465

466
47
48
49
50

51

53

1530

531
54

1000

NN 461 K=1.173

ARR=NARS(RI.i4,KsM21})
IF{ARRLELDIFMAX(J)Y) GN TO 4A1
NIFMAX(J)=ARR

DIFJULLI)=T

KONNIZ{J)=K

CONTINIE

LF=J-1

NN 463 L=1,1LF

TFIN{JS,L)GENISMIN(YY) 6N TO 463
DISMIN(S)=D(J,L)

DISJUL(J)=T

KPNIS({J)=100%L+.

CONTINUE

IF(J.GE.N)Y GN TN 47

LA=]+1

N0 466 L=LAyN

IF (D{LyJ)GELNISMIN(Y) )Y GO TO 466
DISMIN(J)Y=DI(L,J)

NISJUL(S)=T

KPPIS{J)=100%L+J

CONTINUE

IF(IZ-1ZA)51,50,48
IF(IS-IDELTZ)49,50,50

IS=1S+1

Gn Tn 51

1S=1

CALL NRUCKE(A,R,NSIZE)

IF(IZ.EQL,IZN)Y GO THh 53
IF(NTLLE.OLNRN71.GTNT) GO TN 46
TF(IZMNELILEM(NTL)) GN TO 46

CALL FLEMNT (R,NSIZE)

WRITF(641530) (NIFMAX(J)oNTIFIULII) 4KOODIZ(J),DISMIN(I)LNISIUL Y,
1 KPNIS(J)ed=24N)

FORMAT(21HN NIFMAX AND DISMIN/

1 (1H 3 1PE15eRy1XsOPF10.141XeI145%Xs1PELS.RyIXNOPF10,1,1X,14))
N71=NT71+1

nNO 531 J=2.N

DIFMAX(J)=0,0Nn0

DIFJUL(J)Y=0,.,0D0

KNANIZ{J)1=0

DISMIN{J)=1.0D+35

DISJUL (J)=0,0DnN

KPNIS(J)=0

IF(IZ.LTLIZN) GN TN 46

GO TN (2,1Nn0,1000), IGN

RE TURN

FND

SURRNUTINFE KNFFFZ

IMPLICIT RFALXR (A~H,0~7)

REAL*B CAI(5511)4C{10,5),R{11411},51,5,T,T1
RFAL*8 FAC(11) /1.D041aN052.N046.N04246.N0412N24,7,2N2,5.04D3,
1 4,032N4,43,628RNE,3,62RRNA/4STIG({11)/1,N0,~1.N0,1,.N0,=1.D0,
2 l.Dﬂq-l.nﬂyl.nﬂy—l.DO,1.D0,—-1.ﬂ0,1.00/
COMMNON /RILNCK1/ CAT

1 JINDEX/ NoyMy M1, M?

S=1.N0

NN & L=1y4M

L1=2%L

L2=1-1

2k



OO

[ele

K2=K-2
IF(K2) 4,6,3
C{KyL)=C(K4L}I+C(K24L2)
TF(K+1=L1) 546,7
C(KaL)=C(KaL)1=S1%C(K.L2)
GNTN 7
C{KsL)=C(KsL)=S1
CONTINUE
S=S+1.N0
L1=2%M+]
L1=M1
L2=L1~1
S=1.N0 - S
nn 1o L=1,L1
R{L1,L)=1.P0
P09 K=l,L2
K2=11-K
9 R{K24+L)=C(K24M)+S%R(K2+1,L)}
10 S=S+1.D0

S=1.N0

PN 13 I=1,M

nn 12 L=1,L1

L2=M2~{

S1=S%%2

T:]_,DO

CAT(I,L)=0.N0

DO 11 K=l,L1

T1=R(K,L)*S1/T

T=T+1.N0

CAT{TI LL)=CAT(T,L)+TL/T
11 S1=S1%*S
12 CAT(T,L)=CAT(T LI*SIG(L2)V/(FAC{LI®FAC(L2))
13 S=S+1.D0

RE THRN

END

SUBRNUTINF ANFITN(A,R,N,MNSTZF)

oW

0 -~ >

ANFANGSITERATIAN = STARTING TTFRATION

IMPLICIT REAL*8 (A-H,N~7)

NDIMFNSION FMS (60}

DAUBLE PRFCISINN A(NSIZFe3,12)4B(MSTZF,3,412),N(NST7F,NST7F)
NOYURLE PRFCISINN CAT 4 EMy Xy XPUNKT,XNARLABFSCHL yH HOFF,FT,FMMA,
1 CAIDyHL1,,H2,NIMMY

COMMAN /RLOGCKL/ CAT(5411)9FM{5N) 4X{5043) 4 XPUNKT{50,3) ,RESCHI (50,3)
1, XNARLA{S0,3)

COMMON JINDEX/ NyM M2 M3 Ma, M), TZ.IF6, TFED, IFXP, TPUNCH
COAMMNN/TIME/ DHMMY, H, HQ )

1IEG = 0 , RARYCFNTRIC IMPUT k% FELSE INPHT RFLATTVF

IF(IFG.FQ.,0) GN Th 105
100 EMMA=0.0D0
NN 101 J=1.N
101 EMMASFMMA+EM(J)
DN 104 K=1,3
X(14K}=0,0N0
XPUNKT(1,K)=0n,0NO
NN 102 J=2,M



X{14KY=X{1KI+FEMEJIRX{I4K)

1072 XPUNMKT{14K)=XPHNKT(1,K)+FM{I)aXPUNKT{.14K)
X{14K)==X{1,K)/EMMA
XPUNKT(L 4K )==XPIINKT(14K}/FMMA
nn 103 J=2,N
X{JeKI=X{JeK}+X{]1,K)

103 XPUNKT({JyKI=XPUNKT{ J,K}+XPIINKT{1,K)

104 CONTINUE

105 CONTINIIE
CALL WW({DyNSIZF)
Nl I=1,3
NO 1 J=24N
AldsT12)=X{J.T1)
1 A{JeToML)=RFSCHLI(J,T)
PFLTA=10 DO ~TEXP)

NN 3T=2,N
FMS(T)=NELTA%{NARS (RESCHL(T,1) )+DARS(RFSCHL (T ,2))+NARS(RESCHL (I43)
%))

IF(FMS({T).GF,1,NN=-2R) 6N TN 3
? EMS(I)=1.0n=-2R
3 CANTINUE

Mil=0
I MP=MaM]
G M3=] +M?
C M =MgM
FF=0,00D0

NN 21T MMzl oM
3] FE=FF=-1.000
4 FT=FF
1T=0
pno20n0 I=1,M2
T1=1~M1
12=11
TF(T1) 5,20,A
5 11=-T11
6 Hl=FIxH
TF(MH.GT.NY GN TN R
T H2=0,5D0%H1%H]
2 NN 13 1=2,.N
NN 13 K=1,3
IF{MI FR . NY GN TN 12
9 X{(JsK)=0.D0
hn 11 L=1.,M2
L1=1
TR{T2.GT.,0) GN TN 11

10 Li=M2-L1

11 X{JdaK) =X (S I+CAT (T ,L) )RR {d,KaL)
X{JeK)=HO%RX(J4K )

GNTN 13

12 X{JK)=H2HA(J,K ML)

13 X{JeK)I=A(JeK 12 4T XPIINMKT()4KI+X (34K
CALL W (NGNSTZF)
IF(MU,ED,N)Y &N TH 18

14 PN AT J=2 4N
IF(IT.GT.N) GN TN 18

15 NEL=NABS{RFSCHL{Jy1)=R{Jy1sIV)I+DARS(RESCHL(1,2)=R{J,2,1))4+NARS

#(RESCHL{J,3)~B(1s3,1))
IF(NFILJLELFMS()) A TN 17
16 1T7=1
17 CONTIMNIIE

26



26
27
28

29
30

18 DO 19 J=2.N
Nnn 19 K=1,3
19 A{JyKeI)=RESCHL(J4K)
20 FI=FI+1,0N0
IF(IT.EQ,0) GN TN 23
21 DO 22 J=24N
nO 22 K=1,3
DN 22 L=1,M2
22 BlJ,KeL)=A(JsK,sL)
Mif=Mlj+1
GN 1O 4
23 TF(MUL,EQ.N) GN TO 21
24 WRITE(6,25) MU
25 FORMAT(40HISTARTIMG ITERATINN, MO, NF ITERATINNS =,13)
12=M=1
DO 30 J=2.N
DO 30 K=1,3
XNARLA{(J,K)=0,0D0
DO 27 L=1,M2
CAID=CAT(M,L)
IF(I2.E0Q0.0) GNn TN 27
CAIN=CAIN=-CAI(I2,1)
XNARLA(JoK)=XNARLA{J,KI+CATIDHA(I,K,L)
XNARLA{J oK) =HEX( XPUNKT{JaK)+HEXNABLA(JWK))
no 28 I=1,M4
L1=M2-1
DN 28 L=1,L1
AlJsKyL)=A{JaKeL+1)=A(deK,yl)
Do 29 L=1,M2
L1=M3~|
B(JvK,L)=A(J9K7Ll)
BlJsKyM3)=0, DO
RETURN
END
SURRODUTINE SCHRTT(ALR,NyNSTZF)

EXTRAPOLATINNSSCHRITI,NRONIING=2%M+] — STEP NF INTEGRATION
IMPLICIT RFAL*R (A=H,N=7)
DOURLE PRECISINN A(NSIZE,3,12),RINSIZE,3,12),N(NSIZE,NSIZF)
DOURLE PRECISINN CAT,EMyXyXPUNKToRESCHL ¢ XNARLA ¢ DUMMY 4 HoHO, S 4NN, GG
COMMNN /BLNCKL1/ CAT(5,11),FM(50)4X(50,3)4XPINKT(50,3),BFSCHL(50,3)
1, XNABLA(50,3)
COMMAN /INDEX/ MM M1 ,M2
COMMON/ TIME/ DIMMY , HyHO
COMMAN /CONBLN/ GG(11),0N(11)
DO 2 J=2,N
DN 2 K=1,3
$=0.000
NN 1 L=2,M1
1 S=S+DN(L)I*R(J4KyL+1)
XNABLA (J oK )=XNARLA (J oK) +HD%(R{J oK1 )+S)
2 X(JoKI=X(JgK)+XNARLA(J,K)
CALL WW(D,NSTZF)
DO 4 J=2,N
NO & K=1,3
A(JsKs1)=BESCHL (J,K)
PN 3 L=1,M]
3 A(S Ko L+1)=A(JoK LI =R{JsK,L)
, P04 1=1,M2
4 B(JyKyT)=A(JsKaT) 27



RETHRNM
FND
SURRNUITINF WH(N,NSTZE)
IMPLICIT REAL*8 (A-H,N=-7)
REAL®*8 D(NSIZELNSIZF),NX(3)
CAMMAN /BLOCK1/ CAT(5,11)4FM{50)4X(5043)4XPHNKT(5043)4RESCHL(50,3)
1, XNABRLA(50,3)
CNAMMNON /INDFEX/ N
COMMON/TIME/ DUMMY ,H
NN 2 K=1,3
X(1.K}=0,Dn0
no 1 Jd=24M
X1 4K ) =X (1 KI+FM{J)IEX(IHK)
2 X{1+K)==X(1,K})/FM(1)
DO 14 J=1,N
NN 3 K=1,3
3 BFSCHL(J4K)=0, DO
PR 14 I=14N
IF(I-3)4,14,7
IF(FM(T1))5,14,5
A=EM(I)/D(T,4)
PN A K=1,3
RESCHL{J oK )=RESCHL(JoKI+AR(X(T K)=X(JsK))
GO TN 14
IF(FM(1I))9,8,9
IF(FM(J}))9,14,9
DN 10 K=1,3
NDX(KI=X{I4K)}=X(JsK)
A=DX{1)%DXE1)+NX{2)%DX{2)1+NX(3)%DX(3)
D{I,J)=DSORT(A)
DIJsI)=A%D{T,4J)
IF(J-1)11414,11
11 IF(FM(I))12,14,12
12 A=EM(I)/D(Jd,1)
NN 13 K=1,3
13 RESCHL{J4K)=RESCHL{J+K)+AXNX (K}
14 CONTIMUE
RETURN
END
SURRNAYTINF FLFMNT (RyNSTZE)
IMPLICIT REAL*B (A-H,N-7)

o=y

> SIS

D201~

CONRDINATES AND VELNCITY, IEN=KD PRINT NNLY, IED=KD+4 WITH PUNCH

99 FORMAT(//51H CNORDINATES AND VELNCITIFS FNR STEP NUMBER
1 16/9H0O T = 1PN17.9}
1003 FNRMAT(3(A4,114A4,12,A4,1PN22,15,A4/),
1 3(204,114,A4,12,04,1PN22.15,A4/))
1004 FORMAT(32HNO,N)%HEMAX{LAST HSED DIFF.) = 41PF10.27 )
1005 FORMAT(14HO RONY NUMRER 4I2,6H FEM=-,1PN23,15)
1006 FORMAT(9H CANRN.= ,1PN23,15,6X,9HVELNCITY=,1PN23,15)
1007 FORMAT(9H CONRNe= 4 1P3N1A,Ty11H VELOCITY= 41P3D1A.T)
1008 FORMAT(A&4,IPN22.,154A4%)
DAURLE PRFECISINN B(NSIZF,3,12)
DMIBLE PRECISINN CAI yFMy Xy XPHNKTBESCHL o XMARLA GG NNyVIH) 4SS Ty
1 HyHOGHNyHIO0,H1INO
REAL®R MUJ
REAL*4 ALPHA(T) .
CAMMON /BLOCKL/ CAI(5,11)4EM{50)+4X(5043)XPUMKT(50,3),RFSCHL(5N,3)
1y XNARLA(50, 3)
28



CNMMAN JINDEX/ NgM M1 M2 MPM,MP1,1Z.IEG,IFN,IEXP, IPIINCH({50)
CNMMAON/ TIME/ TeH,HO,HD,H10,H100
CNMMAN /CONBELN/ GG{11).DND{(11)
COMMON /NRB/ PIsMUL,RADGZ INRRLIORRIT(H0)
NATA ALPHA/Y XP(, }= XPNNT( EX} v/
IF{IFDNCGRJ4IWRITF(T74,1008) ALPHA(GR)y ToALPHA(T)
nn 3 K=1,3
XPUNKT(1l,K}=Nn,0N0
NN 2 J=2eN
S=0.0N0
N1 L=1,M1
1 S=S+GGIL)=R(J4K,L+1)
XPUNKT{J yK)=HDRXNARLA(J4K)+HE({R({J,K,1)%0,5D0~-S)
7 XPUNKT(14K)=XPHNKT(]4K)+FM{J)RXPUNKT(J,K)
R XPUNKT(]4K)==XPHNKT{1,K})/FM{1)
WRITF(64999) 17,7
IFIMAN(TIEN,2) ,FR.N) GN TN 200
NN 100 J=2.M
WRITE{6,1005) J.FM()
NN 50 K=1,3
K3 = K + 3
VIK)=X(JeK)=X{1,K)
50 VIKRIY=XPUNKT(J¢K)=-XPUNMNKT({1,K)
IF(IFN,GEL4) WRITRF(T7.1002) {(ALPHA(1)sKoALPHA(2) o JgALPHA(R)GV(K),
1 ALPHABI(T) 9K=1e3) o (ALPHA( L) JALPHA(S) JK,ALPHA(2) 4 J,ALPHA(3),
? VIK+3) 4 81LPHA(T)sK=143)
IF(KD . ED0.,1) GN TO 75
WRITF{AL1006A) M1 V4),V{2),V{B)4V(3),V(A)

GO TN 100
75 WRITFE(A,1007) V
100 COMTIMIFE

GN TN 500

200 DO 300 J=1,.N

WRITF(A,1005) JJFEM(J)

IF(KN,EDL.1Y GN TR 275

IF{IFN,GFe4) WRITE(T741002) (ALPHA(L)3KoALPHA(2), Jo ALPHA(R) 3 X(JgK ),

1 ALPHA(T) 4K=1,3), {ALPHA(4) gALPHA(S) oK ,ALPHA(2) o, ALPHA(3),

2XPUNKT{J9K) g ALPHA(T7)4K=1,3)

WRITE(6,1006) (X{JsK) o XPUNKT{J4K) sK=1,3)

GN TN 300
275  WRITELA,1007) (X{JsK)sK=1s3), (XPUNKT{J,K) K=1,3)
200 CONTTINUE
500 AM=0,

PN 600 J=2,N

nN 600 K=1,3

BN=NARS(B(JysK4M2))
ANO  BM=DNMAX] (RM,RN)
RM = RMxH100
WRITE(641004) RM
IF (INRRLEO.1) CALL MNRBIT
RFTURM
END
SURRNUTINE NRBIT
EOUATIONS FOUND IN NASA DOCHUMEMT NN, X=643-A7-198

RY RNRFRT RLANCHARN

IMPLICIT RFAL%*S8 (A-H,0=-7)
REAL®8 MU,P{4),INCL
COMMNN /BLOCKL/ CU105),X(50,3)4XDNT{50,3)
cnMMAN ZINNUT/Z IN,INUT
CAMMNAN /INDEX/ M

e l¥ce

29



COMMON /ORR/ PIJMILRAD,INRARLINRRIT(50)

WRITE(IOUT,1)

DO 1000 J=1,N

IF(INRRIT(J).FOL0)GN TO 1000

PERIND=0.D0

RA=0.NO

Pl= X(Js1)=X(1,1)

P2= X(Jy2)=X(142)

P3= X(Jy3)=X{1,3)

P4O=P1%P1+P2%P2+P3%P3

P4=DSORT(P40)

Vi= XDNT(Js1)=XNNT(141)

V2= XDOT(J,2)=XNNT(1,2)

V3= XNOT(J53)=XDNT(1,3)

V40=VIHV14+V2%V2+V3%V3

V4= DSORT(V4N)

SORTMI=DSORT (M)

NZ= P1#V1+P2%V2+P3%V3

NZMU= NZ/SORTMU

AINV=2,DN0/P4=V40/MI)

ABAINV=DARS (AINV)

IF (ABAINV.LF.1.P=20) GN TN 1500
50 SOAINV=DSORT(ARAINY)

CZ=1.D0-AINVHP4

SZ=N7MU=SOAINY

SEMI-MAJOR AXIS-A

OO0

A=1./AINY
SZ2=DZMUXDZ MIIHA TNV

ECCENTRICITY -ECC

[ nEelel

ECC=DNSORTI(SZ2+CZ*CZ)

ANGUL AR MOMENTUM/UNTT MASS

[aEe kel

Hl= P2%V3-P3ky2

H2= V1%P3-P1%V3

H3= P13V2=-P2%V1

H4= DSORTIHI*H]1+H2%H2 +H3%H3)
TERMA=(1.D0/P4-AINV)/ECC
TERMB=NZ/ (ECCxMU)
P{1)=TFRMAXP]~TFRMR*V]

P(2)= TERMAXP2-=TFRMR*V?2
P{3)= TERMA%P3-TERMR%V3

INCLINATION

OO0

CNSI=H3/H4
SINT =NDSORT(1.N0O-CNSI*CNST)
IF(CNSI.NE.0.DNO) 6N TN 75
INCL=90, DO
GO T 100

75 INCL=DATAN{SINI/CNST)

c RIGHT ASCENSION NF ASCENDING NADF

100 IF (SINIL,FO,0,.NDND)IGO TO 150
DUM = H4%SINIT



SOMG=H1/DUM
COMG=-H2/DUM
OMEGA= DATANZ2(SNMG,COMG)
ARGUMENT OF PERIGEF
ARGPER=DATANZ(P(3)/SINIP{1}*CNMG+P(2)%*SOMG)
MEAN MOTION

150 XMOT= SORTMU*ABAINV=SQOAINV

MEAN AND ECCFENTRIC ANOMOLY

NOOO OO0 OO0

00 IF(A.LT.0.N0MGO TN 225
EZ=DATAN2{(SZ,CZ)
Gh TN 250
225 EZ=DLNOG({{CZ+SZ)/ECC)}
250 XMA=F7-57
IF(ALT.0.D0)XMA==XMA

c

c TRUE ANAMOLY
c

300 E2=.5N0%*EZ

EZ=EZ%RAD
DUM=(1.DO+ECC)/(1«NN-ECC)
IF(A.LT,0,.D0)GO TO 325
XP=nCNS(E2)
Y=DSOQRT(DUM)I%DNSIN(E2)
GO TO 350

325 EX1=DEXP{E2)
EX2=1.D0/EX1
Y=DSORT{-DUM)Y* ,SNO*{EX1-FX2)
XP=o 5% (EXL+EX2)

350 TA = DATANZ(Y,XP) *2,D0
E TIME FROM PERIGEE
§75 TPER==XMA/XMNT
g BYPASS PERIOD AND APOFOCUS CALC IF HYPERBOLIC
¢ IF (A.LT.0.D0) GO TH 900
g PERIOD
c
PERIOD= PI*A%*x*],5/SORTMU
g APOFOCUS

RA=A%11,DO+ECC)
Q00 INCL= INCL*RAD

OMEGA= OMFGA*RAD

ARGPER= ARGPER%RAD

XMA= XMA*RAD

EZ= EZ%RAD

TA= TA*RAD

WRITE(IDUT+2) JsA,ECCyINCL,NMEGA, TA,ARGPER, TPER
1000 CONTINUE ’

RETURN
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1500 WRITF(INUIT,2) J,AINY
GN TN 1000
1 FARMAT{YORNNY NN, 1, T13, tSFMI-MAJNR AXISY, T33L,VECCFNTRICITY !,
1753, VINCLINATINNI ,T73, 'R, A, NE ASCFNDING NANFY,
? TO9R,VTRUE ANAMNLY'1,T113,'ARG, NF PFRIGFF1)

2 FORMAT{ IR, 2Xs6N20.12/T112, t TIMF. FROM PFRIGFF!/110X+N20.12)
3 FORMAT('OSEMI-MAJNR AXIS NF BONY NO.',I3,' IS TAN LARGE, 1./A=1,
1020,12)
END
SURRAUTINE DRUCKE(A4RyNSTZF)
IMPLICIT REALX {A=H,N=7)
RFAL xR Mt

REAL4 ALPHAL(T)
DOURLE PRECISION A(NSIZF43412)4R(NSIZF,3,12)
NDOVIRLE PRECISINM CAT ZEMyX g XPUNKTHS{A)y TyHHN,HIO,HIO00,HO1 LHO
14 GG,NN
1 yRESCHL ¢ XNARL A
CAMMAON /RILNCK1/ CAT(S5411)+FM{50)4X{50,3)4XPUNKT(50,43)
1 JRESCHLI{50,3) ,XNARLA(50,3)
COMMNAN JINDEX/ MMy MP Ml g MPMoMP] 4 TZ,IFG,IFD,IEXP,IPINCH(50)
COMMNON /TIME/ ToH,HO,HD,H10,H100,HN]L
cnMMAN JCONRELN/ GG(11)4,DN(11)
COMMON /NRR/ PT1,MU,RAD,INRR,INRRIT(50)
1000 FARMAT(1HO/14HD STFP NUMRER ,16,9H T = 41PN17.9)
1007 FNRMAT(14HO RONY NUMRFR ,12)
1002 FNRMAT(14HO RONDY MUMRER ,12/9H CNORND.= L1P3N28R.15/

1 9H VFL .= +1P3N2R,15)
1004  FORMAT{14HO RODY NUMBER  ,12/9H CDORN.= 41P3N20.7/
1 9H VEL,.= «1P3N20,7)

1005  FORMAT(2(A4,T14,A4,12,A441PN1BT9AL)/A&y]) AbyT2.0441PN1S.TyALy2MG,
1 I1yAba124,04,1PD157904/2(204,T11,04,124R4,1PN15,7,A4))

1006 FNORMAT(3(A4,11,A4,12,A4,1PD22,155A4/ 1),
1 3(284,11,A4,12,A4,1PN22.15,A4/))

1007 FORMAT{34HO O 1%H=HXMAX(LAST IISFD DIFF.) = 41PF10.2)
1008 FNRMAT(A4,1PN22,15,A4)
DATA ALPHA/'Y XP(, )= XNOTL T=, v/
DN 3 K=1,3
XPUNKT(1,K}=0.D0
N 2 J=2,N
N=0.D0
DN 1 L=1,M2
1 N=N+GGIL)*R(J4KyL+1)

XPUNKT{J ¢ K)I=HNDHEXNARLA(J o K)+HX(R(J4K,1)%0,5D0-N)
2 XPUNKT(LsK)=XPUNKT(14K}+FM(J)HXPUNKT(J,K)
3 XPUNKT{1.K}==XPUNKT({1,K)/EM{1)
I1P=0
NN 999 J=1 .M
I=TPUNCHI(J)
IF(I.F0O,13) GN TN 999
IF(I.GF.7) GO TN 350
IP=1P+1
GN TN (5045100,150,2004250,300),1
50 IF(IP.FO,1) WRITF{A,1000) 1Z,T
WRITF(641003) Jo (X (JeK)eK=1433)y (XPUNKT{J4K)sK=1+3)
GO TN 999 »
150 IF(IP.FQ.1) WRITF(6,1000) 1Z,T
WRITE(651003) Je(X{JeK)eK=193) 9 (XPHNKT(JeK)eK=1,3)
100 IF{IP.EN. 1)WRITE(74100R) ALPHA(ﬁ)vT,ALPHA(?)
WRITE(T,1006) (ALPHA(1) 4KeALPHA(Z) 2 e ALPHA(3) $X{JoK)ALPHAL(TY),
1 K2l143) s (ALPHA{S4)4ALPHA(S)4KsALPHA(2) s Js ALPHA(3) 4 XPIINKT(J9K),
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200

200

250

350

400

450

5480

500

AND

700

650

99q

1100

1200

7 AMLPHA([T) K=143)

N TN 999

IF(IP.FO,1) WRITE(A,1D00) IZ,T

HRITF(6,1004) de{X{JeK)aK=193) e (XPUMKT(d,K)4K=1,32)

<N TN 999

JTRIIP.FOL1Y WRITF(6,7000) 17,7

WRITF{A1004) do(X(JeK}eK=143)a (XPUNKT(JsK)}, K=1,3)
TE(TP.FO 1 JURTTF{ 7« 100R)ALPHA(S) 4 ToALPHA(?)
WRITF(T7,1005) (ALPHA(L) 3Ky ALPHA(?) 3 Jo ALPHA(R) JX (1K) ,ALPHA(T),
1 K=142) s (ALPHALLG) JALPHA(B) e Ky ALPHA(2 ), da AL PHA{3) ,XPIINKT(J4K),
? A]_PHA(7)9K=]v?‘)

GN TN 999

NN 4nn K=1,3

SIK+R)=XPUNKT(JaK}~=XPIINKT{1,K)}

SIK)=X{J,K)-X{1,K)

I1P=1P+1

GN TN(999,999,999,2909,990,390,450,500,580,6004680,7T00),1
ITF{IP.FOLY) WRITF{A,1000) 17, T

WRITF{A,1003) J,S

6N TN 999

TF{IP.FOL1)Y WRITR(AL,L1000) 17,7

WRITE(A,1003) .S

TRF(IPLEO L IWRITF(T7,1N0R)ALPHA(A) ,ToALPHA(2)
WRITF(T74100A) (ALPHA({L ) KeALPHA(?) g AL PHA(R)4SIK)GALPHA(T) .
1 K=1,2)y (ALPHALL) ,ALPHA(S) oK, ALPHA(2) s Jo ALPHA(R) ,S(K+3),
2 ALPHA({T)K=1,3)

GN TN QQgg

JFIIPLFOLY)Y) MRITF(AL,1000) 17,7

WRTITF(A,1004) J,S

GN TH 9949

IFLIPLEN,Y) WRITE(A,1N0N) 17,7

HRITF{A,1004) 1,8
IF(TPLFOLINWRITF(T74100R)ALPHA(A) 4 THALPHA(?)
WRITF{7,1005) (ALPHALL) 3K ALPHA(? Yo oML PHA(R) 4S(K)JALPHA(T),
1 K=143) o {ALPHA(L) JALPHA(R) K ALPHA(2) g JoALPHA(3) 4S(K+3),
7 ALPHA(7)7K=193)

CNANTIMUFE

IF (IP.EN.O) GN TR 1200

RM=0 N0

NN 1100 J=2,N

N 1100 K=1,3

BM=NMAXTI (RM,NDARS{R(T,K4sM1)))

RM=HO] %#RM

WRITF{ALINOT) RM

IF (IORR FO.1 Y CALL NRBRIT

RETHEN

ENMD

0Re7
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100
200
300

2000
2100

2200
2300

2800

20 1
£INPUT 1EG=1,
Kh=3,1ED=3,
XP{141)=04sXP{2,1)=0.0,XP(341)=0.,
XDOT(1,1)=0,0,XDNT(2,1)=0.0,XNOT{3,1)=0.,
XP{1+2)==0.5113942959,XP(2,2)==.47B0976854,XP{3,2)=-0,1830R74R10,
XDOT(152)=+0.5663768182,XNNT(2,2)=-N.51208715R9,XNNT( 3,7 })==.2h649TRT4L5,
XP(193)==0e2614989917,XP(2,3)=+0.RB69623THRT,XP(3,3)=+0,3771652157,
XDOT(1,3)==0,6T746573183,XNNT(2,3)=—,170094R00R,XNNAT(3,3)=-0,07377431972,
XP{1ly4)==1,2954TT589,XP{2,4)==0.8414136141,XP(3,4)==0,35]1351344A,
XDOT(1,4)=40.3440042605,XD0T{2,4)=-0.36966T4R43,XNNT(3,4)=-0,17RO373952,
XP(1,5)=+3,429472643,XP(2,5)=3,353869719,XP(3,5)=+1.254948917,
XDNT{1,5)=-0,2228647739,XN0OT(2,5)=+0.,2022768826,XNNT(3,5)=+0.092730517R8,
XP{1+6)=46.641453441,XP(2,6)=+5.971569844,XP(3,A)=+2.1R2315015,
XDNT{146)==0.1662288590,XDNT(2,6)=+0.1462712350,XNNT{3,6)=+N 06T6EARALT,
XP{1y7)=411.26304125,XP(2,7)=+14.69525R88,XP(3,7)=+A.2796058R33,
XDOT{1,7)==-0.1301308165,XDOT{2,7)=+0.0758R051779,XPNT{3,7)=+0,035089A7797,
XP{148)==30.155229344XP(2+8)=+1.657000860,XP(3,R)=+1.437R5R110,
XDNT(1,8)==0,009619598984,XDNT(2,8)=~0,1150657040,XNNT(3,8)=-0 N46RART5I DA,
XP(159)==21,1238378B0,XP(2,9)= +2R,44651101,XP(3,9)=+15.3R826A55,
XDNT(1,9)=—0.07074485007,XDNT{2,9)=-0.0R65592727 ,XNNT(3,9)==0,005946850713,
FM{1)=14,EM(2)=2.451F=06,FM(3)=3.03591F~06,FM{4)=3,2326F-07,FM{5)=9,547RAE-04,
EM(6)=2.8558E-04,FEM{T)=4,372TE-05,FM{B)=5,1T7T759F-05,FM{9)=2 ,TRE~06,
KO=447345961216687, T=0.NFLTAT= 244H=,05,M=5,N7=5,uH=1,,
TLEM(1)=10,1ILEM(2)=50,TLEM{3)=500,TLEM{4)=1000,ILFM(5)=1059,
10RB=1,INRRIT(3)=1,1ZA=1059, INFLTZ=1059,1ZN=5295,N=9,IFXP=10,
INRBIT(1)=0,INRRIT(2)=1,I0RBIT(4)=1,I0RBIT(5}=1,INRRTIT{6)=1,INRRIT(T)=1,
INRRIT(R)I=1,INRRIT(9)=1,1G0=1,

IPUNCH=9%7,41%13, EFNP INPUT DATA - ORBIT OF LOST CITY METEORITE - PART I

FIGURE 1
34
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CARDS



EINPUT  IGN=3, T=2440590.,, DFLTAT=~2.,, H=-,05, N = 10,

NT7=5, ILFM(1)=10, ILFM(2)=20, TILEM(3)=30, ILFM(4)=50, ILFM(5)=10n0,
1ZA=5295, IDELTZ=40n0, 1IN=54750,
EM{10)=04sXP{1+10)=+,5119R2TR,XP(2,10)=-2,0232007,XP(3,10)=-,R77A1397,

XDAT(1410)=+,321098T6,XDNT(2410)=+,11411804, XNDOAT(3,10)=+,13002RA3,

IPUNCH(10)=20, &END INPUT DATA - ORBIT OF LOST CITY METEORTTE, PART 2
0006

FIGURE 2

CARDS
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